Dealiased SEASAT SASS vector winds obtained during t h e GOASEX program have been processed t o o b t a i n s u p e robservations centered on a one degree by one degree g r i d . The r e s u l t s p r o v i d e v a l u e s f o r t h e combined e ff e c t s o f m e s o s c a l e v a r i a b i l i t y and communication noise on t h e i n d i v i d u a l SASS winds. Each g r i d p o i n t o f t h e s y n o p t i c f i e l d p r o v i d e s t h e mean synoptic east-west and north-south wind components p l u s e s t i m a t e s o f t h e standard deviations of these means. These super observation winds are then processed further to obtain syno p t i c s c a l e v e c t o r wind s t r e s s f i e l d s , t h e h o r i z o n t a l divergence of the wind and t h e c u r l o f t h e wind s t r e s s , each with appropriate standard deviations for each grid point value.
Introduction
The s c a t t e r o m e t e r on SEASAT, c a l l e d t h e SASS, made about 170,000 measurements of the winds at 19.5 m &ove the ocean surface for each day it was operated during an approximately three month l i f e t i m e (Boggsl) . Det a i l s on the instrument, on t h e model f u n c t i o n t h a t w a s used, on how t h e winds were recovered and on many o f t h e r e s u l t s o b t a i n e d a r e g i v e n i n s p e c i a l i s s u e s o f t h e IEEE Journal of Oceanic Engineering (Vol . The r e a d e r is r e f e r r e d t o a l l o f t h e p a p e r s i n t h e s e t h r e e s p e c i a l i s s u e s f o r b a c k g r o u n d .
The object i v e of t h i s p a p e r i s t o show how t h e SEASAT SASS d a t a can be used to recover very accurate wind f i e l d s and d e r i v a t i v e p r o p e r t i e s of t h e wind f i e l d s from t h e s e d a t a a t t h e s y n o p t i c s c a l e .
Experimental Areas GOASEX The Gulf of Alaska Seasat Experiment was one of two i n t e n s e e f f o r t s t o g a t h e r enough independent c o n v e n t i o n a l l y o b t a i n e d s h i p r e p o r t s , d a t a buoy measurements, other spacecraft data, and d a t a from oceanographic research ships to provide a comparison with the measurements of t h e SASS. The data catalogue of the SEASAT GOASEX passes was produced by Wilkerson and o t h e r s 2 . Koiceshyn3 as one o f a team of seven meteoro l o g i s t s (R. Brolun, V . Cardone, G . Cunnigham, J . Ernst, J . Overland and M. Wurtele) edited Volume 2 of a r e p o r t on t h e GOASEX Workshop that container? the conventional marine meteorological and sea surface temperature analyses along with nephanalyses and geostationary cloud imagery f o r s e l e c t e
d p o r t i o n s o f t h e d a t a . S c i e n t i s t s a t t h e NASA Langley Research Center made a f i n a l p a s s through the data with the SASS-1 model f u n c t i o n and t h e S.O.S. wind recovery algorithm and produced vector wind f i e l d s w i t h a m b i g u i t i e s removed t h a t c o n s t i t u t e t h e m a j o r s o u r c e o f t h e d a t a u s e d f o r t h i s r e p o r t .
A f i n a l r e p o r t t o KASA Headquarters on t h e s e r e s u l t s w i l l be a v a i l a b l e w i t h g r e a t e r d e t a i l and nore passes by Sept. o r Oct. 1983. 
e s t i m a t e d t h e a c c u r a c i e s o f t h e winds from conventional sources.
For conventional s h i p s t h e v a l u e s were f 4 m/s for speed and f 30° f o r d i r e c t i o n . I t p r o v e d t o b e d i f f i c u l t t o d e m o n s t r a t e t h e d e s i g n g o a l s o f t h e SASS with conventional data of t h i s q u a l i t y . JASIN The second program was the JASIN program with r e s u l t s a l s o summarized i n a book e d i t e d by T. D . AllanS. A dense network of oceanographic ships and buoys was u s e d t o r e c o v e r more accurate winds from a l i m i t e d a r e a o f t h e N o r t h A t l a n t i c .
The o v e r -a l l r.m.s. d i f f e r e n c e s between t h e JASIN winds and t h e SASS winds were about 1.3 m / s for speed and 16' f o r d i r e c t i o n with a dependence on incidence angle and aspect angle t h a t was not clearly understood. (See Table  4 of Ref. 6 ) . For a wind from, say 2700, a t 15 m/s, a 160 uncert a i n t y i n d i r e c t i o n i m p l i e s an e r r o r i n t h e n o r t h -s o u t h wind component o f p l u s o r minus 4 m / s , a value too l a r g e t o make t h e v e c t o r wind u s e f u l i n s y n o p t i c s c a l e meteorology.
Superobservat ions
Meteorologists, who have been using SEASAT d a t a t o study i t s impact on numerical weather prediction, have been pooling the SEASAT SASS winds within some d i s t a n c e of a g r i d p o i n t o f t h e i r a t m o s p h e r i c model by diverse methods so as to produce what has been called a superobservation. There are many reasons to do t h i s ; one b e i n g t h e r e d u c t i o n i n t h e amount o f d a t a t o b e a s s i m il a t e d by t h e model. Other reasons are equally import a n t . Each SASS wind has a communication e r r o r a s s oc i a t e d w i t h it t h a t can be l a r g e f o r c e r t a i n wind d i r e c t i o n s . Each c e l l sampled obtained backscatter d a t a e q u i v a l e n t t o a time average proportional to the s i z e o f t h e c e l l a n d i n v e r s e l y p r o p o r t i o n a l t o t h e wind speed so t h a t h i g h e r winds were n o t e f f e c t i v e l y averaged long enough to provide a s t a b l e s y n o p t i c s c a l e v a l u e . There i s consequently a mesoscale perturbation of the d e s i r e d s y n o p t i c s c a l e wind present in each SASS wind that needs to be accounted f o r . The ramifications of t h e i n t e r a c t i o n o f t h e s e c o m p l i c a t i o n s on the measurement of the synoptic scale wind have been discussed and some s t a t i s t i c a l p r o p e r t i e s o f s u p e r o b s e r v a t i o n s h a v e been given'.
In t h i s p a p e r , we extend the concept of a superobservation so a s t o p u t e r r o r bounds on winds and quantities derived therefrom such as t h e v e c t o r wind s t r e s s , The f i e l d of horizontal divergence and t h e c u r l o f t h e wind s t r e s s .
Experimental Design and Statistical Concepts
The i n d i v i d u a l SEASAT SASS winds were s o r t e d i n t o overlapping two degree by two d e g r e e l a t i t u d e and long i t u d e b i n s s u c h t h a t f o r example i f X. (longitude) and 8 ( l a t i t u d e ) was a t t h e c e n t e r , a l l vector winds within tge "square" 
The east-west, U i , and north-south, V i components of each SASS wind can be considered to be represented by t h e unknown t r u e v a l u e of t h e wind at Xo, Bo plus f i r s t o r d e r g r a d i e n t e f f e c t s plus t h e combined e f f e c t s o f communication noise and mesoscale variability as in equation (11) for U i where AU, and AU2 a r e v e c t o r components of terms that combine to give (8) and (10) .
Ui(Xo + Ahi, Bo + Aei) = Us (Xo,
There i s enough information in (1) t o (10) t o f i n d
valuesof Us(X ,eo) and V (A , e ) e x a c t l y a t Xo, Bo and t o remove t h e c o n t r i b u t i o n t o t h e v a r i a b i l i t y o f (8) and (10) that results from gradients in the wind f i e l d o v e r t h e two degree square.
The 
The q u a n t i t y , u l , i s t h e " t r u e " v a l u e o f t h e wind.
A t r a n s f o r m a t i o n o f v a r i a b l e s t = (u -u 1 ) / h (17)
y i e l d s a pdf such that
Moreover f o r a sample of size N, small sample theory can be used to show t h a t for ui, The values of (8) and (10) a r e reduced when t h e effects o f g r a d i e n t s are removed, and in turn they are reduced even f u r t h e r b e c a u s e o f ( 1 9 ) .
For example, i f s . d . v as a number were t o e q u a l 2 m/s, the effect of gradients could reduce it t o 1 . 5 m/s. For a sample of 25 SASS winds, t h i s would i n t u r n be r e d u c e d t o 0 . 3 m/s. I f K were 225O so t h a t t h e v e c t o r wind w a s toward 450, t h e component i n t h e e a s t -w e s t 
The s y n o p t i c s c a l e wind i s t h u s known t o w i t h i n a b o u t 4% f o r t h i s example. When combined w i t h t h e c o r r es p n d i n g e q u a t i o n f o r Vs(Xo,eo), values of tl and t 2 can
The
The numbers corresponding t o (12) can be found f o r t h e two components o f t h e v e c t o r wind a t e a c h l a t i t u d e
Moreover one can e a s i l y r e t u r n t o t h e p o l a r v e c t o r form, Vp, X,AVp and AVn.
In the polar form the vector wind s t r e s s and i t s v a r i a b i l i t y c a n b e computed from (21) (22) and (23) = -r/P F o r p e s s e n t i a l l y e q u a l t o 1 . 2 5 k i l o g r a m s p e r c u b i c meter, values similar to those in (12) except for s t r e s s i n newtons per square meter can be computed. The s t r e s s u s e s a r e s u l t of E . Vera from a term paper as a graduate student a t City College and incorporates data from t h r e e s o u r c e s .
Divergence and Wind S t r e s s C u r l The v a r i a b i l i t y t h a t is i n h e r e n t i n t h e SASS winds t h a t i s a r e s u l t o f m e s o s c a l e v a r i a b i l i t y , communication n o i s e ( i . e . t h e s a m p l i n g v a r i a b i l i t y o f t h e b a c k s c a t t e r estimates) and s y n o p t i c s c a l e g r a d i e n t s is e i t h e r greatly reduced o r eliminated by t h e above procedures. A s y n o p t i c s c a l e wind f i e l d w i t h g r e a t l y r e d u c e d samp l i n g v a r i a b i l i t y e f f e c t s c o n s i s t i n g o f s u p e r o b s e r v at i o n w i t h a known e r r o r s t r u c t u r e a t t h e i n t e g e r v a l u e s o f l a t i t u d e and longitude is t h e r e s u l t . F i n i t e d i fference computations can
now be used t o c a l c u l a t e t h e divergence of the horizontal components of the wind and t h e c u r l o f t h e wind s t r e s s .
I n s p h e r i c a l c o o r d i n a t e s , f o r c o n s t a n t d e n s i t y , t h e divergence i s given by (24). and t h e h o r i z o n t a l components of the wind yield (25) 
The wind s t r e s s can be resolved into east-west and north-south components.
The c u r l of t h e wind s t r e s s a t t h e s e a s u r f a c e c a n b e m i t t e n a s
This example shows t h e r e s u l t s t h a t c a n be obtained from a portion of a s i n g l e SEASAT pass by the use of t h e methods described above.
The pass occurred during Revolution 1212 as a northbound pass just o f f t h e west coast of California and Canada a t about 1800 GMT. The SASS d a t a t o be used gave information on t h e winds from 38O N t o 580 N . The s y n o p t i c s c a l e andy s i s from Ref.
2 as i n F i g . 1 f o r 1800 shows a cold front extending southward just to the west of Queen C h a r l o t t e I s l a n d (Canada) and curving westward. A warn front extends toward the east and crosses the northern t i p of Vancouver Island.
The occluded front extends northward to about 220° E (1400 W) and 580 N .
The number o f c o n v e n t i o n a l s h i p r e p o r t s f o r t h i s p a s s i s somewhat g r e a t e r t h a n u s u a l so t h a t t h e p r o c e d u r e s used t o remove t h e SASS ambiguities could have been q u i t e s u c c e s s f u l . However, t h e r e i s an u n c e r t a i n t y i n t h e l o c a t i o n of the various fronts, even with continuity considered, of 100 0 4 o r so, and t h e c e n t e r o f t h e low is poorly defined on t h e b a s i s o f t h e a v a i l a b l e d a t a .
The geostationary cloud imageryfrom Ref. 2 
has been trimmed i n F i g . 2 so a s t o e m p h a s i s e t h e a r e a c o v e r e d by t h e swath. The clouds form an almost text book p a tt e r n f o r an occluded cyclone. Clear skies are found o f f t h e e n t i r e c o a s t o f C a l i f o r n i a . N o t a b l e f e a t u r e s o f t h e c l o u d s a r e t h e t h i n n i n g o f t h e c l o u d s a l o n g 135'

W ( 2 2 5 O E) and the very bright clouds on the western boundary along the main c o l d f r o n t which i s i n d i c a t i v e o f v e r y t h i c k h i g h c l o u d s . O t h e r f e a t u r e s s u c h as t h e s c a t t e r e d cumulus i n t h e c o l d a i r b e h i n d t h e o c c l u s i o n , and t h e s t r a t i f o r m c l o u d s f a r t h e r t o t h e w e s t o f f C a l i f o r n i a and the complexity of the subtropical cloud p a t t e r n s a r e e v i d e n t . The l a t i t u d e l o n g i t u d e l i n e s i n Fig 1 a r e on a p o l a r s t e r e o g r a p h i c p r o j e c t i o n w h e r e a s those on t h e g e o s t a t i o n a r y image f o r e s h o r t e n t h e n o r t he r n r e g i o n s a n d t h e l o n g i t u d e l i n e s a r e
bowed. Care i s needed i n comparing t h e two. 
A sample of t h e l i s t i n g t h a t r e s u l t s a f t e r a p p l y i n g t h e t h e o r y d e s c r i b e d
in equations 1 through 19 is shown i n T a b l e l a and l b where t h e columns a r e numbered from 1 t o 15. The e f f e c t s o f g r a d i e n t s h a v e b e e n removed and d a t a n e a r t h e e d g e s h a v e b e e n e x t r a p o l a t e d t o a n i n t e g e r l a t i t u d e and longitude. In order, as l i s t e d , t h e v a l u e s a r e (1) Lat, (2) Long, (3) N, sample size, There follows in T a b l e l b for (91, (10) and (11) 
h e c o n t r i b u t i o n t o the east-west standard deviation of the east-west component of t h e mean wind from equations 8 and 10 w i t h a n d a d d i t i o n a l d i v is i o n by t h e s q u a r e r o o t
of N from equation 19 and f i n a l l y , (14) and (15) the corresponding north-south c o n t r i b u t i o n s . As an example, a t 54' ?! 224' E, t h e s y n o p t i c s c a l e wind i s e s t i m a t e d t o b e from 237.60 on the basis of 28 SASS winds in the two degree by two degree "square" around the point.
The speed was 15.5 m/s and t h e v a r i a b i l i t y normal t o t h i s was 3.59 m/s. The small v a l u e i n column 11 shows t h e SASS winds t o b e well s c a t t e r e d o v e r t h e e n t i r e area. From t h e l a s t f o u r columns, the east-west component o f t h e wind has a standard deviation of 0.19 m/s and t h e n o r t h -s o u t h component has a standard deviation of 0.39 m/s.
The components in the east-west and north-south directions can then be found and were a l s o t a b u l a t e d . The (Fig. 3) 
where t h e streaml i n e s are t h e same as t h o s e o f t h e wind ( F i g . 4 ) , t h e h o r i z o n t a l d i v e r g e n c e o f t h e wind where positive values correspond t o downward v e r t i c a l v e l o c i t i e s ( t h e 2 component) and negative values to ascending a i r (Fig. 5) , and t h e wind s t r e s s c u r l a t t h e sea surface (Fig.6 ). F i v e p o i n t s a r e n e e d e d t o compute the divergence and c u r l , t h e p o i n t i t s e l f and t h o s e n o r t h , South, e a s t and west of it. The SASS swath i s n a r r o w e r f o r t h e s e d e r i v e d q u a n t i t i e s f o r t h i s r e a s o n .
N o t a b l e f e a t u r e s o f t h e wind f i e l d , F i g . ( 3 ) , a r e weak winds o f f t h e C a l i f o r n i a c o a s t w i t h s t r o n g e r winds t o w a r d t h e s o u t h f a r t h e r s o u t h .
The v e r y s t r o n g n a rrow band of winds blowing toward the north in advance of ( o r n e a r ) t h e c o l d f r o n t i n d i c a t e s v e r y s t r o n g moist warm-air advection to feed the extratropical cyclone-approaching the coast. 
e n t e f f e c t on t h e c u r r e n t s i n t h e N o r t h P a c i f i c compared t o c l i m a t o l o g ic a l l y a v e r a g e d winds from month t o month as employed i n t h e o c e a n o g r a p h i c l i t e r a t u r e . 
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-8 X 10-5 (upward motion) right a t t h e j u n c t i o n of The convergence f i e l d , F i g . 5, has a maximum of t h e warm a n d t h e c o l d f r o n t s .
A band of convergence l e s s t h a n -4 X 10-5 p a r a l l e l s t h e f r o n t o v e r 5 o r more degrees of longitude.
Weak divergence, o r n e a r z e r o v a l u e s a r e i n d i c a t e d o f f C a l i f o r n i a .
A band of r e l a t i v e l y weak convergence, greater than -2 X lo-' and l e s s t h a n z e r o is a s s o c i a t e d w i t h t h e t h i n n e r clouds as marked on t h e f i g u r e and as shown i n F i g . 2 .
X Figure 5 divZ\Vh.
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The f i e l d f o r t h e c u r l , F i g . 6, i s q u i t e d e t a i l e d . I t has been assumed t h a t t h e a i r h a s a constant density of 1 . 2 5 kg/m3. C a l c u l a t i o n s s u g g e s t t h a t t h i s v a l u e i s c l o s e t o w i t h i n a few percent because low p r e s s u r e and cold a i r p r o d u c e n e a r l y t h e same v a l u e as high pressure and warm a i r . The implications of f i e l d s such as t h i s one w i l l b r a m a t t e r f o r f u r t h e r s t u d y . The c u r l of t h e wind s t r e s s is r e l a t i v e l y much more accurate than the divergence. Thirty-nine of the v a l u e s o f t h e r a t i o , S D / c u r l , o f s i x t y -f i v e a r e u n d e r 0.2 and twenty-four are under 0.1 as shown i n T a b l e 4 t o follow. Tables.   LAT  LOBG   38  234  39  2  34  40  2 33  2 34  41  2 33  2 34  42  2  32  2 33  2 34  43  231  232  233  44  230  231  232  45  230  231  2 32   46   2 33  229  2 30  2 31  232  47  228  229  2 30  2 31  2 32  48  227  22s  229  230  231  49  227  228  229  2 30  231  50  226  22 7  228  229  2 1.5 ** Tables 3 and 4 on page 7 i l l u s t r a t e t h e n u m e r i c a l v a l u e s f o r t h e d i v e r g e n c e and t h e c u r l a l o n g w i t h t h e i r standard deviations. In Table  3 , t h e r a t i o o f t h e s t a n d a r d d e v i a t i o n t o t h e d i v e r g e n c e is a l s o s h o m , and it h a s a n a s t e r i s k if l e s s t h a n 0 . 2 . The r a t i o is high when the divergence i s near zero. Thirty-eight of the s i x t y -f i v e v a l u e s o f SD a r e l e s s t h a n 0 . 5 X and t h e r a t i o i s l e s s t h a n 0 . 2 , f o u r t e e n t i m e s . The c o n s i s t e n c y o f t h e d i v e r g e n c e f i e l d s p e a k s f o r i t s e l f . Conventionally measured winds could never have produce such as f i e l d .
REMARKS
Given the planned improvements in the next generation o f s c a t t e r o m e t e r s , w i t h t h e v i r t u a l e l i m i n a t i o n of ambiguities, and b e t t e r a l g o r i t h m s and models t h e s e r e s u l t s document the achievements to be expected from the routine operation of such an instrument. I t i s l e f t t o t h e r e a d e r a s a n e x e r c i s e t o d e c i d e w h e t h e r o r not the conventional analysis i s c o r r e c t and whether or n o t t h e d e t a i l s shown i n t h e o n e d e g r e e r e s o l u t i o n s y n o p t i c s c a l e SASS wind analysis could even have been detected in conventional data. I t i s doubtful, and one s u s p e c t s t h a t what we t h i n k we know about the winds over the ocean w i l l be changed by what we f i n d o u t about the winds over the oceans from further studies of t h e SASS d a t a and from future spacecraft systems.
